In-vitro callus induction and regeneration method was developed using different plant growth regulators (PGRs), and basal media (Murashige and Skoog (MS), CHU (N6) and Gamborg (B5) media) of Citrus sinensis (L.) Osbeck. Observations of the effect of PGRs were carried out using different concentrations of 2,4-dichlorophenoxyacetic acid (2,4-D),1-naphthalene acetic acid (NAA) and combinations of 2,4-D and NAA using different basal media. This study found Citrus sinensis (L.) Osbeck exhibited a high frequency of callus induction on MS medium supplemented with 3 mg/L 2,4-D and callus induction frequency was 86.7% ± 3.4% whereas N6 and B5 showed lower callus induction frequency of 83.3% ± 8.8% and 82.2% ± 1.9% respectively compared to that of MS media with supplementation of the same hormone. Among the induced calli, the morphological analysis showed only 40% -50% was embryogenic calli. Regeneration of plantlets from calli was done using different concentrations and combinations of auxin and cytokinin. The study showed that 3 mg/L 6-benzylaminopurine (BAP) supplemented medium has the maximum potential to promote regeneration of Citrus sinensis (L.) Osbeck from embryogenic calli with the frequency of 89.3% ± 8.8% but no regeneration occurred from the non-embryogenic calli. The regenerated plantlets were rooted on MS medium with supplementation of 5 mg/l NAA.
Introduction
Citrus is a large genus that includes many cultivated species, (e.g. Citrus sinensis, Citrus reticulata, Citrus limon, Citrus grandis and Citrus paradise [1] ). Citrus sinensis, is commonly known as orange or sweet orange that originated in southern China, where it has been cultivated for millennia. Oranges are now grown commercially worldwide in tropical, semi-tropical, and some warm temperate regions, and have become the most widely planted fruit tree in the world. Oranges are the world's most popular fruit and are eaten fresh and used for juice. In 2016, the global harvest area of orange was 3.97 million hectares and production was 73.19 million tons (FAO Stat, 2017) . Exporters of orange in the world have exported 4.65 billion USD in 2016. Sweet orange accounted for approximately 60% of citrus production for both fresh fruit and processed juice consumption. Moreover, citrus fruits and juice are the prime sources of vitamin C, an important component of human nutrition [1] . Citrus fruits also have some unique botanical features, such as nucellar embryony (nucellus cells can develop into apomictic embryos that are genetically identical to mother plant). Consequently, somatic embryos grow much more vigorously than the zygotic embryos in seeds such that seedlings are essentially clones of the maternal parent [2] . Orange trees and fruits are susceptible to various pests and pathogens, including the Mediterranean fruit fly (Ceratitis capitata), numerous fungal leaf spots, blights, and root rots (including Cercospora, Colletotrichum, Fusarium, Phytophthora, and many others) and viruses that can significantly reduce yields. Production of Citrus sinensis (L.) Osbeck has been imperiled due to the introduction of several biotic (bacterial disease Citrus canker) and abiotic stress (cold, drought). No significant improvements have been made to combat these stresses by plant breeding [3] . Improvement of Citrus spp. by breeding methods is impeded by various aspects of citrus biology such as heterozygosity, nucellar polyembryony, sexual incompatibility and long juvenile period [4] . With the recent advances of plant biotechnology, it is possible to introduce exogenous genes in the plant genome, using gene transfer techniques. However, for efficient transgenic plant production, a previously defined tissue culture system for efficient plant regeneration, in association with a genetic transformation system for the gene introduction is necessary [5] . Accordingly, genetic transformation remains the main alternative in Citrus breeding programs such as development of Citrus tristeza virus (CTV) tolerant sour orange plants. The success of a genetic transformation program depends on the availability of an in vitro protocol that permits highly efficient shoot regeneration [6] . Combination of conventional breeding, biotechnological approaches and in vitro tissue culture methods could be potential for developing new citrus varieties. Although conventional breeding methods are being applied to improve citrus varieties, progress is slow [7] . The first successful regeneration of citrus plantlets from mature inter-nodal stem segments was reported using sweet orange [8] . Other investigators reported shoot induction [11] . However, the lack of efficient tissue culture protocols is one of the main barriers to improvement through breeding and biotechnological studies [12] . In this study, we aimed to establish a regeneration protocol of sweet orange (Citrus sinensis (L.) Osbeck.), which is the most important sweet orange variety cultivated globally and grown primarily for orange juice production.
Materials and Methods
Mature seeds of Citrus sinensis (L.) Osbeck was collected from Citrus research station, Jointa, Sylhet. Healthy and good quality seeds were used as explants in this study. First, the seeds were dehusked and washed several times with sterile distilled water. Then the explants were sterilized using 75% ethanol for 5 minutes and followed by washing with sterile distilled water for several times. The explants were further sterilized with 0.1% HgCl 2 and Tween 20. Finally, the explants were dried on sterilized filter paper after washing several times with sterile distilled water [13] . The sterilized explants were inoculated in test tubes containing MS (Merck), Chu N6 (Duchefa Biochemie) and Gamborg B5 (Duchefa Biochemie) media assigned as MSCIM, N6CIM and B5CIM respectively (Table   1) [14] . The explants were sub-cultured in an interval of 15 ± 1 days. Upon induction of calli, they were divided into two categories e.g. embryogenic and non-embryogenic through morphological evaluation. The calluses were then transferred to shoot induction media and incubated in a culture room under 16 hours photoperiods and 8 hours darkness, 25˚C ± 1˚C temperature, 2000 lux intensity of light conditions [15] .
Shoot induction media was prepared using MS, chu N6, and B5 (MSSIM, N6SIM
and B5SIM respectively) ( Table 1) 
MSRtM
Multiple roots observed after 30 -40 days 64.4 ± 6.9 4.6 ± 1.8 2.9 ± 0.9
N6RtM
Multiple roots observed after 25 -40 days 74.4 ± 5.1 4.9 ± 1.9 2.2 ± 0.7
B5TtM
Multiple roots observed after 30 -50 days 53.3 ± 11.5 4.4 ± 2.6 2.7 ± 0.6 * AM = Arithmetic Mean; SD = Standard Deviation.
Results and Discussions
The present research was carried out to develop a reproducible regeneration protocol for Citrus sinensis (L.) Osbeck from mature seed-derived calli. According to previous reports, supplementation of 2,4-D in the medium induce a high percentage of callus in Citrus [16] . High-frequency callus initiation has also been achieved using NAA [17] and also the combination of 2,4 D and NAA [18] .
In this study, mature Citrus seeds were used as explants and were cultured using MS, N6 and B5 media containing different concentrations and combinations of plant growth regulators. MS medium is the most used basal medium for the in-vitro callus induction [19] . In this research, we investigated the effects of MS, [27] [28] . The regenerated shoots were transferred to MSRtM, N6RtM and B5RtM medium with supplementation of 5 mg/l NAA. After 18 days of inoculation, root induction was started to begin and the three media showed different root induction frequencies ( Figure 5 ). Maximum root induction frequency was observed in N6RtM medium which was 74.4% ± 5.1% where MSRtM and B5RtM medium showed relatively lower root induction frequencies which were 64.4%% ± 6.9% and 53.3% ± 11.5% respectively ( Table 8 ). Large numbers of embryonic calli derived plantlets were successfully acclimatized to ex-vitro conditions. The roots of plantlets were washed and placed in pots containing garden soil mixed with biofertilizer in 1:1 ratio in a culture room at 25˚C ± 2˚C for 10 days. The survival rate of plants was 60% from all media derived plantlets. After 15 days, plantlets were exposed to natural conditions. After 40 days, plants showed a significant growth performance. The plants regenerated on MSRtM medium showed significantly high survivability in the natural conditions. 
Conclusion
This study of in-vitro callus induction and regeneration of Citrus sinensis (L.) Osbeck was carried out to investigate the appropriate hormones with their optimum concentration and suitable media for callus induction, shoot generation and root formation. In-vitro callus inductions were investigated using three bas- 
